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Description 

FIELD OF THE INVENTION 

5 [0001] The invention relates to anti-micro bial coatings formed from one or more antimicrobial metals and to multilayer 
laminated wound dressings. 

BACKGROUND OF THE INVENTION 

10 [0002] Burns and related wounds present a serious problem in infection control. Noble metal Ions such as silver and 
gold Ions are known tor their anti-mlcroblal activity and have been used in medical care for many years to prevent and 
treat Infection. Watersoluble silver nitrate has been widely used as an astringent and as a potent anti-microbial solution. 
For example, 1 0% silver solution preparations are applied directly to ulcers of the mouth; dressings wetted with 0.5% 
silver nitrate solutions are used to cover second and third degree burns, especially to protect against gram negative 

ts infections; and drops of a 1% silver ntirate solution In the eye is still a legally required Treatment hi many areas of the 
world for prophylaxis of ophthalmia neonatorum. 

[0003] The antl-mlcrobial effect of these known silver nitrate solutions appears to be directly related to the concen- 
tration of the silver ions. Unfortunately, water soluble silver nitrate solutions provide very little residual activity due to 
the reactivity of silver Ions with chloride, etc. in body fluids. To compensate for this lack of In use longevity, soluble 

20 silver solutions, such as silver nitrate, are used at far higher concentrations (3000 to 3500 mg/L) lhan are required for 
bacterial control (2 to 5 mo/L) in an effort to extend the duration of the antimicrobial effect. As a result, the solution can 
have Irritating and astringent effects on wounds. For instance 1% solutions used prophylactlcally for ophthalmia ne- 
onatorum must be followed in a few seconds with a O.B5% sodium chloride rinse to prevent conjunctivitis. Bum wound 
treatment in current use for second degree burns employs 0.5% silver nitrate solutions which must be added frequently 

25 throughout the day (usually 12 times daily) in orderto replenish the active Ag + ion. Also in use are silver sulphadiazine 
creams, wtiich need frequent reapplicatlon and scraping to remove the debris and chemical barrier, and which may 
also cause sensitivity or allergic reaction to the sulpha component 

[0004] Significant improvements to minimize adverse properties have been sought since the turn of the century. 
Some efforts have focussed on the use of colloidal solutions of Insoluble, poorly ionised salts such as oxide complexes 

30 with proteins to reduce the rale of release of silver ions. Other efforts focussed on producing silver in an activated form, 
for example by depositing It on porou6 carbon to provide slower release of sliver ions, or by activating the silver after 
deposition , for example by treatment with strong oxidizing agents. Still other efforts were directed at electrical activation 
of the silver coatings to drive the release of silver, or depositing with an electocherrttcaily different, more noble metal 
so as to use dual metal galvanic action as the driving force to release sliver Ions. To date, improvements in antimicrobial 

35 agents derived from antl-mlcrobial metals such as silver, and wound treatment procedures using same are sought to 
improve the anti-microbial efficacy of the metal ions, to reduce the frequency of the application of the anti-microbial 
agent, and to improve Infection control in wound treatment. Also needed is a visible Indicator of the antl-mlcrobial 
activity and effect, so as to minimize over application o1 the anti-microbial agents and unnecessary wound dressing 
removal, and thus improve patient comfort and minimize sensitivity reactions to anti-mlcroblal metals. 

40 [0005] Applicants have developed anti-microbial materials which provide efficacious and sustainable anii-microbial 
effecr. Such materials are described in, for example US Patent 5.454,886, issued October 3, 1 995, to Burrel! et al. The 
materials are formed as powders, foils, flakes, coatings or thin films from one or more anti-microbial metals so as to 
contain atomic disorder. 

SUMMARY OF THE INVENTION 

[0006] The inventors made a number of surprising discoveries when working on improvements to the anti-microbial 
materials formed with atomic disorder described in their previous patent applications. Firstly, they discovered Lhat a 
thin film of an anti-microbial metal material on a reflective base layer coating, such as a reflective silver coaling, was 

so capable of producing an interference colour. By altering the refractive index and/or the thickness of the top layer, 
different, discernible interference colours were produced. Secondly, they discovered that if the top anti-mlcroblal metal 
layer was formed with atomic disorder so as to produce an anti-microbial effect when exposed to alcohol or electrolyte, 
sharp interference colours were produced, providing a useful indicator ot activation (release of ions etc.) from medical 
devfees and the like carrying such a coating. Even minor dissolution or composition changes of the top layer of the 

as coating, such as a fingertip touch, was discovered to cause a detectable colour change. Thirdly, they discovered that 
a single layer of an anti-microbial metal formed with atomic disorder could be produced with an initial colour which 
changed on contacting an alcohol or electrolyte so as to genarate an Interference colour which was different from the 
Initial colour. Without being bound by the same, it is believed that contacting the atomicaily disordered material forms 
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a thin layer at the top of the material (hereinafter termed an "in situ generated top layer-) which has a composition 
different enough from Ihe underlying base layer that it is capable of providing an interference colour. Thus, the present 
invention extends to a method of indicating exposure of multilayer anti-microbial material formed with atomic disorder 
to an alcohol or electrolyte through the use of interference colours. 

s [0007] In one broad aspect, the invention provides a multilayer anti-microbial material comprising a) a base layer of 
a partly reflective material capable of generating an interference colour when covered with a partly reflective, partly 
light transmissive top layer; and b) a top layer formed over said base layer, said top layer being a partly reflective, 
partly tight transmissive thin film containing at least one anli-mlcroblal metal and having a thickness such that an 
Interference colour is produced, said top layer having a refractive index different from that of the base layer, and the 

10 antimicrobial metal being formed with sufficient atomic disorder such that the top layer, in contact with an alcohol or 
water based electrolyte, releases ions, atoms, molecules or clusters of the aml-microbial metal Into the alcohol or water 
based electrolyte at a concentration sufficient to provide a localized antl-microbial effect on a sustainable basis. The 
Invention extends to antimicrobial materials in which the top layer is formed above the base layer by such techniques 
as vapour deposition, and to materials having an In situ generated top layer. 

15 [0O08J The base layer might be provided as a substrate (ex. medical device) which is partly reflective such thai it 
can provide an interference colour when covered with a panly reflective, partly transmissive lop layer, Preferably the 
base layer is formed from a meLal selected from Ag, Au, Pt, Pd, Cu, Ta or Al, with Au, Ag, Pt, Pd and Cu being most 
preferred. Preferably both the top and base layers are formed from antimicrobial metals formed wilh atomic disorder. 
The top layer is most preferably formed from Au or Ag. 

20 [0009] Most preferably, Lhe top layer is a composite material formed by depositing the anllmlorobial metal in a matrix 
with atoms or molecules of a different material, wherein the different material provides atomic disorder In the matrix. 
The different material may be a biocompatible metal such as Ta, T1, Nb, V, Hf. Zn, Mo, SI or Al, or oxides, nitrides, 
carbides, borides, halldes, sulphides or hydrides of such biocompatible mstals. Alternatively, the different material may 
be atoms or molecules absorbed or trapped from the atmosphere used In a vapour deposition process, including 

25 oxygen, nitrogen, hydrogen, boron, sulphuror halogens. As afurther alternative, the different material may be an oxide, 
nitride, carbide, boride, hallde, sulphide or hydride of an anti-microbial metal. Most preferably, the top layer is formed 
with Ag as the matrix metal, and either or both of silver oxide and absorbed or trapped oxygen as the different material. 
[0010J The base layer, when provided as a coating on a substrate, is preferably at least 25 nm thick and more 
preferably at least 60 nm thick. If formed from an atomlcally disordered antimicrobial metal, the base layer is preferably 

so between about 300 and 2500 nm thick so as to provide a prolonged anti-micrabial effeot after the top layer Is dissolved. 
The top layer is preferably less than 400 nm thick and Is more preferably between S and 210 nm thick. Most preferably, 
the top layer is between 40 and 160 nm thick. 

[001 1 ] The invention also extends to a process ror producing a multilayer anli-mlcroblal material capable of Indicating 
exposure to an alcohol or a water based electrolyte. The process includes a) providing a base layer of a partly reflective 

as material capable of generating an Interference colour when covered with a partly reflective, partly light transmissive 
top layer; and b) providing a top layer over said base layer, said top layer being a partly reflective, partly light transmiss ive 
thin film containing at least one a nti -microbial metal and having a thickness such that an interference colour is produced, 
said top layer having a refractive index different from that of the base layer, and said anti-microbial matal being lormed 
with sufficient atomic disorder such that the top layer, In contact with an alcohol or water based electrolyte, releases 

40 ions, atoms, molecules or dusters of the anti-microbial metal into the alcohol or water based eleclrolyte at a concen- 
tration sufficient to provide a localized antl-mlcrobial effect on a sustainable basis. The top layer can be provided by 
depositing it above the base layer, for Instance by vapour deposition, or lhe top layer can be provided as an in situ 
generated top layer. In either process, a colour change occurs on contact with an alcohol or water based electrolyte 
so as to Indicate activation of the material. 

45 [0012] The Inventors also discovered, when working with wound dressings materials that multilayer wound dressings 
could be laminated together with the use of ultrasonic welding at intermittent locations, to produce a wound dressing 
which could be conveniently cut to stee, without causing deiamtnatlon of the layers, and without having to resort to the 
use of stitching or adheslves lo bind the layers together. The presence Df the ullrasonic welds at intermittent locations 
on the dressing was surprisingly advantageous overstltched dressings or the use of adhesives, since lhe ultrasonically 

so welded dressings were found to have excellent conformability properties (I.e. ability to conform to wound and skin 
contours), in wound dressings having one or more perforated layers to allow for fluid penetration, the ultrasonic welds 
were also found to only minimally interfere with penetrability properties of the dressings. Importantly, when wound 
dressings were coated with antl-mlcrobial metal coatings of this Invention, that Is dressings which included a coating 
of one or more layers of an anti-microbial metal formed with atomic disorder, ultrasonic welding to laminate layers of 
the wound dressing was found not to inhibit antl-microbial activity. Atomic disorder in a material Is easily removed when 
heat is applied to the material, since heat can anneal out crystalline defects. 

[0013] Thus, a pre/erred aspect, the invention provides a multilayer, laminated wound dressing, Including: 
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a first, wound facing layer formed of a perforated, non-adherent material; 
a second layer laminated to the first layer, and being formed of an absorbent material; 
an optional third layer laminated to one or both of the first and second layers; 
at least one of the first, second and optional third layers, being formed from a plastic material; and 
a the first, second and optional third layers being laminated together by ultrasonic welds spaced intermittently on 

the dressing so as to allow the dressing to be cut down in size without causing delamination. 

[0014] The wound dressing is formed with an anti-microbial coating which is the multilayer antimicrobial material 
set out above, so as to provide an interference colour indicator of activation on contacting an alcohol or a water based 
io electrolyte. 

[0015] As used herein and in the claims, the terms and phrases set out below have the meanings which follow. 
[0016] "Metai" or 'metals" includes one or more metals whether in the form of substantially pure metals, alloys or 
compounds such as oxides, nitrides, borides, sulphides, hairdos or hydrides, 

[0017] ■Anti-miorobial metals" are metals whose ions have an anti-microbial effect. Preferably, the metal will also be 
15 biocompatible. Preferred anti-microbial metals include Ag, Au, Pt, Pd, lr (I.e. the noble metals), Sn. Cu, Sb, Bi and Zn. 
[0018] -Biocompatible* means non-toxic for the intended utility- Thus, for human uttlity, biocompatible means non- 
toxic to humans or human tissues. 

[0019] "Anti-microbial effect" means thai atoms, ions, molecules or clusters of the antimicrobial metaJ (hereinafter 
"species" of the anti-microbial metal) are released into the alcohol or electrolyte which the material contacts in con- 

20 centrations sufficient to inhibit bacterial (or other microbial) growth in the vicinity of the material. The most common 
method of measuring anti-microbial effect is by measuring the zone of inhibition (ZOI) created when the material is 
placed on a bacterial lawn, A relatively small or no 201 (ex. less than 1 mm) indicates a non useful anti-microbial effect, 
while a larger ZOI (ex. greater than 5 mm) Indicates a highly useful anti-microbial effect. One procedure for a ZOI test 
is set out in ihe Examples which follow. 

23 [0020] "Sustained release" or "sustainable basis" are used to define release of atoms, molecules, ions or clusters 
of an anti-microbial metal that continues over time measured in hours or days, and thus distinguishes release of such 
metal species from the bulk metal., which release such species at a rate and concentration which is too low to achieve 
an enti-mlcroblai effect and frc-m highly soluble salts of anti-microbial metals such as silver nitrate, which releases 
silver ions virtually instantly, but not continuously, In contact with an alcohol or electrolyte. 

so [0021] "Atomic disorder includes high concentrations of: point defects in a crystal lattice, vacancies, line defects 
such as dislocations, Interstitial atoms, amorphous regions, gain and sub grain boundaries and the like relative to ite 
normal ordered crystalline 3tale> Atomic disorder leads to irregularities In surface topography and in homogeneities in 
the structure on a nanometer scale. 

[0022] "Normal ordered crystalline state" means the crystallinity normally found in bulk metal materials, alloys or 
55 compounds formed as cast, wrought or plated metal products. Such materials contain only low concentrations of suoh 
atomic defects as vacancies, grain boundaries and dislocations. 

[0023] "Diffusion", when J6ed to describe conditions which limit diffusion in processes to create and retain atomic 
disorder i.e. which free2e-in atomic disorder, means diffusion of atoms and/or molecules on the surface or in Ihe matrix 
of the material being formed. 

40 [0024] "Substrate" means any surface, usually that of a medical device, which is itseir partly reflective, or which can 
bo coated with a partly reflective metal coating by such techniques vapour deposition including evaporation or physical 
vapour deposition. In this application, it should be understood that when it is stated that a reflective base layer is 
provided on a substrate, it does not mean that every substrate needs io have such a layer formed thereon, but is meant 
to include a substrate which Is inherently reflective, such as for instance reflective plates or instruments formed of 

*s polymers, metals or dielectrics, such that it can provide an interference colour. 

[0025] "Medical device" means any device, appliance, fixture, fibre, fabric or material intended for a medical, health 
care orpersonal hygiene utility, including, without limitation orthopaedic pins, plates, implants, tracheal tubes, catheters, 
insulin pumps, wound closures, drains, shunts, dressings, connectors, prosthetic devices, pacemaker leads, needles, 
dental prostheses, ventilator lubes, surgical instruments, wound dressings, incontinent pads, sterile packaging clothing 

so footwear, personal hygiene products such as diapers and sanitary pads, and blomedical/blolechnlcal laboratory equip- 
ment such as tables, enclosures and wail coverings and the like. Medical devices may be made of any suitable material, 
for example metals, Including steel, aluminum and its alloys, latex, nylon, silicone, polyester, glass, ceramic, paper, 
cloth and other plastics and rubbers. For indwelling medical devices, the device will be made of a bioinert or biocom- 
patible material. The device may take on any shape dictated by its utility, ranging from flat sheets to disc, rods and 

55 hollow lubes. The device may be rigid or flexible, a factor dictated by its intended utility. 

[0026] "Alcohol or water based electrolyte" is meant to include any alcohol or water based electrolyte that the anti- 
microbial materials of the present invention might contact In order to activate (i.e cause the release of species of the 
antl-mfcroblal metal) into same. The term is meant to include alcohols, water, gels, fluids, solvents, and tissues con- 
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taining water, including body fluids (for example blood, urine or saliva), and body tissue (for example skin, muscle or 
bone). 

[0027] 'Coiou r change" Is meant to include changes of intensity of light under monochromatic light as well as changes 

of hue from while light containing more Than one wavelength. 
s [0028] An "interference colour* is produced when light impinges on two or more partly reflective surfaces separated 

by a distance which bears the right relationship to the wavelength of the light to ba removed by destructive interference. 

[0029) "Partly reflective" when used to describe the base or top layer materials, means that the material has a surface 

which reflects a portion of Incident light, but which also transmits a portion of the incident light. Reflection occurs when 

a ray of Incoming light encounters a boundary or Interface characterized by a change in refractive index between two 
id media. For the top layer of the anti-microbial materials of this invention, that Interface Is with air. For the base layer, 

the interface is with the top layer. The reflectance of the base and top layers is balanced so as to generate an interference 

colour. 

[0030] "Partly light transmissive" when used to describe a thin film of the top layer material means that the thin film 
is capable of transmitting at least a portion of incident visible light through the thin film. 
15 [0031] "Detectable" when used to describe a colourchange means an observable shift in the dominant wavelength 
of the reflected light, whether the change is detected by instrument, such as a spectrophotometer, or by the human 
eye. The dominant wavelength Is the wavelength responsible Tor the colour being observed. 
[0032] 'Wound - means cut, lesion, burn or other trauma to human or animal tissue requiring a wound dressing. 
[0033] "Wound dressing" means a covering for a wound. 

so 

DESCRIPTION OF THE DRAWINGS 
[0034] 

25 Figure 1 is a schematic sectional figure of a coloured anti-mtcrobial coating of this invention showing the generation 
of an interference colour; 

Figure 2 Is a schematic sectionaJ figure of a three layer wound dressing In accordance with the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

1. Multilayer Anli-Mjcrobiai Materials With Interference Colour 

[0035] The invention provides anti-mlcrobiaJ materials formed with at least two layers, a base layer and a top fayer, 
so as to produce an interference colour. Both layers are partly reflective; The top layer Is partly light transmissive. The 

35 top layer Is a thin film containing at least one anti-microblal metal formed with sufficient atomic disorder such that the 
top layer, in contact with an alcohol or water based electrolyte, releases Ions, atoms, molecules or clusters of the anti- 
microbial metal at a concentration sufficient to provide a localized antimicrobial effect on a sustainable basis. In this 
way, the top layer, In contact with Ihe alcohol or electrolyte, will undergo a change in optical path length, either by a 
change in thickness resulting from some dissolution, orthrough a change in the refractive index of The Top layer resulting 

■w from a change in the composition of a newly formed thin layer formed on the top layer. Either or both of these results 
are sufficient to cause a detectable colour change, th us providing an indicator that the top coating has been activated. 
[0036] The generation of interference colours is known in the art for decorative effects, diffraction gratings and di- 
agnostic assay techniques, and thus the properties of at least two layers of materials necessary to generaLe an inter* 
ference colour, that Is the balance of reflectance, transmlttance, layer thicknesses, and refractive Indices of the layers, 

45 are generally well known in the art, The prior art has generally taught one to anodize a metal to produce a thin layer 
of a generally transparent oxide above a reflective base metal (see for example US 5,124,1 72 issued June 23, 1 992 
to Burrel) et al.). Other prior art has taught sputter coating certain reflective metals with oxides of same or different 
metals in order to generate interference colours (see for example US 4702,955, issued October 27, 19S7, to Allred et 
al.). However, not all metals are easily anodlzab I e. Furthermore, the art teaches that sputtering of such important anti- 

so microbial metal oxides as silver oxide, is not possible without decomposition (see for example US 4 f 72B r 323 issued 
March 1 , 1988, to Matson). Thus, novel procedures Tor producing antj-microbial materials capable of producing Inter- 
ference colours end an indication of generation of an anti-mlcroblal effect, are set out herein. 
[0037] The antt-microbiaJ materials of this invention and the generation of an Interference colour are shown sche- 
matically In Figure 1 . The maierlal includes a base layer 2 and a top layer 4 over the base layer 2. The base and top 

55 layers 2, 4 are generally provided on a substrate 6, such as the surface of a medical device. However, if the substrate 
is itself partly reflective, the substrate can serve as the base layer. Both the base layer 2 and the top layer 4 are formed 
from a partly rellective material. In this way, at least a portion of the incoming light Is reflected from the surface of the 
layer while another portion Is transmitted through the layer. The top layer 4 is partly light transmissive to allow incident 
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light to reach the Interface with the base layer 2. The top layer 4 ihus cannot approximate 1 00% reflectivity, such as 
In pure Al or Ag, or interference colours cannox be generated, as is well known In the art. The materials tor layers 2, 4 
should be balanced In their reflectances in order to generate an interference colour. Generally, the top layer 4 is de- 
posited as a thin film having a thickness which maintains adequate transmittance to generate an Interference colour. 

5 Furthermore, the refractive index for the materials in layers 2, 4 Is different, accomplished by differences in their actual 
or effective compositions. For instance different materials In the two layers will result in the materials having different 
actual refractive indexes. However, if it is desired to make the layers 2 : 4 from the same maierial, the layers can be 
deposited with different porosities or different levels/types of atomic disorder, in order to achieve different effective 
compositions, and thus different refractive indexes. 

10 [0036] In this manner, in Figure 1 , incoming light A reflects off the interface 7 of the base and top layers 2, 4. Incoming 
light B reflects from the interface 6 of the top layer 4 with air, and interferes with the light reflected from the interface 
7, so as to generate an "interference colour C. The particular colour which Is generated and its brightness will depend 
on the properties of the layers 2, 4, most importantly on the composition of the layers, which determines its transmittance 
and absorption properties, along with its refractive Index, and on the Ihicknese of tho layers. Generally, It is desirable 

is to generate first and second order interference colours, by limiting the thickness of the base layer and top layers to 
minimize the number of Internal reflexions. First and second order interference colours are generally brighter than 
third and fourth order etc. colours, making them more aesthetically pleasing, more consistently reproducible in manu- 
facturing: and more susceptible to delectable colour change on variations in thickness on dissolution of even a minor 
amount of the top layer 4. 

20 [0039] The property which determines the particular colour which is generated Is the effective optical thickness of 
the top layer 4, that is the product of the refractive Index of the top layer material and the actual thickness of the top 
layer 4. Thus the colour which Is desired can be altered by changing the actual thickness or the top layer 4 or its 
refractive index. 

[0040] In accordance with the invention, the base layer 2 Is a partly reflective material capable of generating an 
3B interference colour when covered with a partly reflective, partly transmissive top layer 4. Reflective materials such as 
polymers, dielectrics or metals may be used tn the base layer. To achieve the desired level of refleclance, the base 
layer 2 may be coated with an additional layer (not shown) to change its reflectance. For instance, a reflective plastic 
plate might be coated with a discontinuous (islands) or continuous thin coating of a reflective metal such as silver to 
produce a base layer whose average reflectance could be better balanced with that of the top layer to generate the 
so desired interference colour effect. Preferably, the material in the base layer 2 Is a reflective metal. Such metais are 
known In the art and include, for example one or more of ttie valve metals, e.g, Ta. Nb, Tl, Zr and Hf , as well as transition 
metals such as Au, Ag, Pt, Pd, 5n, Cu, V, W and Mo : or the metal AL More preferably, the base material Is formed from 
Ag, Au, Pt, Pd. Cu. Ta and Al. Use of a metal such as tantalum as the base layer 2 may cause reduction of oxide 
containing materials in the top layer 4. To avoid this, a barrier layer (not shown), such as tantalum oxide formed by 
35 anodizing at least a portion of the top surface of the Ta metal, should be included above a tantalum layer. Preferred 
metals for the base layer 2 are Ihe antl-mlcrobial metals Au, Ag. Pt, Pd, Sn and Cu, most preferably Au, Pt and Ag, in 
a partly reflective form. 

[0041] The base layer 2 may be formed by known techniques, such as the vapour deposition techniques of evapo- 
ration or physical vapour deposition. Preferably, the base layer 2 is formed as a thin film by physical vapour deposition 

40 with atomic disorder, as set out below and in the Inventors* previous patent applications, for example US 5,454,889, 
in order to produce a sustainable anti-microbial effect when the base layer is ultimately exposed to an alcohol or water 
based electrolyte. The thickness of the base Iayer2 is generally not critical, provided that it is partly reflective. Preferred 
thicknesses will vary widely with the material composition and the desired colour. However, in that the layer 2 Is pref- 
erably a thin film formed by physical vapour deposition techniques, it should be at least about 25 nm thick to create a 

45 useful colour. To generate first and second order interference colours and to produce an anti-microblal effect In ac- 
cordance with the preferred aspects ol the invention, ihe base layer 2 should be greaterthan 60 nm thick, more pref- 
erably 300 to 2500 nm thick, and most preferably 600 to 900 nm thick. 

[0042J The top layer 4 is formed of a partly reflective, partly light transmissive thin film containing at least one anti- 
microbial metal formed with atomic disorder so as to produce a sustainable antl-mlcrobial effect, and ultimate colour 

so change, when exposed to an alcohol or a water based electrolyte. The antl-mlcrobial metal is preferably one or more 
of Ag, Au, Pt, Pd, Ir, Sn. Cu, Sb, Bi, and Zn in a partly refiective : partly transmissive farm. More preferably, the anti- 
microbial metal is Ag ; Au, Pt, Pd or Cu. The thickness of the lop layer 4 formed from these metals is preferably less 
than 400 nm in order to maintain the preferred level ol light transmission. The desired thickness will vary with the 
composition of the top layer 4, and with the desired end colour and colour change. Forfirst and second order interference 

55 colours, thB thickness will generally be less than about 400 nm. More preferably, the thickness will range from 5 to 21 0 
nm. most preferably from 1 o to 1 oo nm. 

[0043] Tlie top layer 4 may be a thin film of the base layer material, formed with a different refractive index for instance 
by altering the deposition conditions to change the porosity, composition and/or degree of atomic disorder in the layers 
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[0044] When the base layer 2 is itself formed from an anti-microbial metal with atomic disorder, the top layer 4 may 
be provided as an in situ generated top layer by virtue of its thickness and/or composition changing on contacting an 
alcohol or water based electrolyte, so as to produce an Interference colour which differs from the initial colour of the 
base layer 2. 

[0045] Most preferably, the top layer 4 is a thin film of a composite material formed by co-, sequentially or reactlvely 
depositing an anti-microbial meial in a matrix with atoms or molecules of a different material to create atomic disorder 
in the matrix, In the manner set out below. The different material Is selected from a) biocompatible metals, b) oxygen, 
nitrogen, hydrogen, boron, sulphur or halogens, or c) an oxide, nitride, carbide, boride, halide, sulphide or hydride of 
either or both of an anti-microbial metal or a biocompatible metal- Most preferably, the top layer matenal is a composite 
material containing silver, and one or both of silver oxide and atoms or molecules containing oxygen trapped or ab- 
sorbed In the silver matrix. The term "silver oxide* is meant to include any oxide or mixture of oxides of silver. However, 
The top layer 4 Is preferably not formed solely of AgO and/or Ag^O, since the solubility of these materials Is low for 
providing a useful anli-mlorobial effect in accordance with Lhe present invention. 

A] Anti-Microblal Materials Containing Atomic Disorder 

[0046] At least the top layer 4, and preferably also the base layer 2, Is formed in a crystalline form from anti-microbial 
metals with atomic disorder so as to produce an anti-microbial effect. The production of atomic disorder through physical 
vapour deposition techniques is described in the previous patent applications, including U.S. 5,454,886, and as outlined 
below. 

[0047] The anti-microbial metal Is deposited as a thin metallic film Dn one or more surfaces of the substrate, typically 
a medical device, by vapour deposition techniques. Physical vapour techniques, which are well known in the art, all 
deposit the metal from the vapour, generally atom by atom, onto a substrate surface. The techniques include vacuum 
or arc evaporation, sputtering, magnetron sputtering and ion plating. The deposition is conducted In a mannerto create 
atomic disorder in the coating as defined hereinabove. Various conditions responsible for producing atomic disorder 
are useful. These conditions are generally those which one has been taught to avoid In thin film deposition techniques, 
since the object of most thin film depositions Is to create a defect free, smooth and dense film (see for example JA 
Thornton, supra ). While such conditions have been investigated in the art, ttiey had not been finked to enhanced 
solubility of the coatings so-produced prior to Applicants inventions. 

[0048] The preferred conditions which are used to create atomic disorder during the deposition process include; 

- a low substrate temperature, that is maintaining the surface to be coated at a temperature such that the ratio of 
the substrate temperature to the melUng point of the metal (in degrees Kelvin) is less than about 0.5, more preferably 
35 less than about 0.35 and most preferably less than about 0.3; and optionally one or both of: 

a higher than normal working (or ambient) gas pressure, i.e. for vacuum evaporation: e-beam or arc evaporation, 
greater than 0.01 mT, gas scatiering evaporation (pressure plating) or reactive arc evaporation, greater than 20 
mT; for sputtering: greater than 75 mT; for magnetron sputtering: greater than about 10 mT; and for Ion plating: 
40 greater than about 200 mT; and 

maintaining the angle of Incidence of the coating flux on the surface to be coated ar less than about 75° , and 
preferably less than about 30° 

[0049] The metals used In the coating are those known to release ions etc. having an antimicrobial effect, as set out 
45 above. For most medical devices, the metal must also be biocompatible. Preferred metals include the noble metals 
Ag, Au. Pt, Pd, and lr as well as Sn, Cu, Sb, Bi, and Zn or alloys or compounds of these metals or other metals. Most 
preferred Is Ag or Au, or alloys or compounds of one or more of these metals. 

[0050] A thin film is formed on at least a part of the surface of the substrate/medical device. For economic reasons, 
the film has a thickness no greater than that needed to provide release of metal ions on a sustainable basis over a 
so suitable period of time, and to generate the desired interference colour. Within the preferred ranges of thicknesses set 
oul above, the thickness will vary wilh the particular metal in the coating (which varies the solubility and abrasion 
resistance), and with the degree of atomic disorder in (and thus the solubility of) the coating. The thickness will be thin 
enough that the coating does not interfere with the dimensional tolerances or flexibility of the device for its intended 
utility. 

$s [OOS1] The anti-microbial effecL of the material so produced is achieved when the coaled substrate is brought inlo 
contact with an alcohol or a water based electrolyte such as, a body fluid or body tissue, thus releasing metal Ions, 
atoms, molecules or dusters. The concentration of the metal spedes which is needed to produce an anti-microbial 
effect will vary from metal to metal. Generally, anti-microbial effect is achieved in body fluids such as plasma, serum 
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or urine at concentrations less than about 0.5 • 5 ng/ml. 

[0052] The ability to achieve release of mBtal atoms, ions, molecules or clusters on a sustainable basis from a coating 
is dictated by a number of factors, including coating characteristics such as composition, structure, solubility and thick- 
ness, and the nature of the environment In which the device Is used. As the level of atomic disorder Is increased, the 
s amount of metal species released per unit time increases. For instance, a silver metal film deposited by magnetron 
sputtering at T/Tm < 0.5 and a worWng gas pressure of about 7 mTorr releases approximately 1/3 of the silver ions 
That a film deposited under similar conditions, but at 90 mTorr, will release over 10 days. Films that are creatod with 
an intermediate structure (ex. lower pressure, lower angle of incidence etc.) have Ag release values intermediate to 
these values as determined by bioassays. This then provides a method for producing controlled release metallic coat- 
to mgs in accordance with this Invention. Slow release coatings are prepared such that the degree of disorder is low while 
fast release coatings are prepared such that the degree of disorder is high. 

[0053] For continuous, uniform coatings, the time required for total dissolution will be a function of film thickness and 
the nature of the environment to which they are exposed. The relationship in respect of thickness is approximately 
linear, i.e. a two fold Increase in film thickness will result in about a two fold increase in longevity. 
[0054] It is also possible to comrol the metal release from a coating by forming a thin film coating with a modulated 
structure. For instance, a coating deposited by magnetron sputtering such that the working gas pressure was low (ex. 
15 mTorr) for 50% of the deposition time and high (ex. 30 mTorr) for the remaining time, has a rapid initial release of 
metal ions, followed by a longer period of slow release. This type of coating is extremely effective on devices such as 
urinary catheters for which an initial rapid release is required to achieve immediate anti-microbial concentrations fol- 

20 lowed by a lower release rale to sustain the concentration of metal ions aver a period of weeks. 

[0055] The subsLrate temperature used during vapour deposition should not be so low that annealing or recrystalll- 
zation of the coating takes place as the coating warms to ambient temperatures or the temperatures at which it is to 
be used (ex. body temperature). This allowable AT, that the temperature differential between the substrate temperature 
during deposition and the ultimate temperature of use, will vary from metal to metal. For the most preferred metals of 

as Ag and Au, preferred substrate temperatures of -20 to 200°C, more preferably -10*C to 100°C are used. 

[0056] Atomto order may also be achieved, in either or both of the base and top layers 2, 4 in accordance with the 
present Invention, by preparing composite metal materials, that is materials which contain one or more antimicrobial 
metals In a metal matrix which includes atoms or molecules different from the anti-microbial metals. 
[0057] Our preferred technique for preparing a composite material is to co- or sequentially deposit the anti-microbial 

so metal(s) with one or more other Inert, biocompatible metals selected from Ta, Ti, Nb, Zn, V. Ht r Mo f Si, Al and alloys 
•of these metals or other metal elements, typically other transition metals. Such inert metals have a different atomic 
radii from that of the antl-mlcrobial metals, which results in atomic disorder during deposition. Alloys of this kind can 
also serve to reduce atomic diffusion and thus stabilize Ihe disordered structure. Thin film deposition equipment with 
multiple targets for the placement of each ol the arrti-microbial and inert metals is preferably utilized. When layers are 

35 sequentially deposited the layer(s) of the inert metal(s) should be discontinuous, for example as islands within the anti- 
microbial metal matrix. The final ratio or the and-microbia! metal(s) to inert metal(s) should be greater than about 0.2. 
The mosL preferable inert metals are Ti, Ta, Zn and Nb. It is also possible to form the antl-mlcroblal coating from oxides, 
carbides, nitrides, sulphides, borides, halides or hydrides of one or more of ihe anti-microbial metals and/or one or 
more of the inert metals to achieve the desired atomic disorder. 

40 [0058] Another composite material within the scope of the present Invention is formed by reactlvety co- or sequentially 
depositing, by physical vapour techniques, a reacted material Into the thin film of the anti-microbial mete((s). The reacted 
material is an oxide, nitride, carbide, boride, sulphide, hydride or halide of the anti-microbial anchor inert metal, formed 
in situ by Injecting the appropriate reactants, or gases containing same, (ex. air, oxygen, water, nitrogen, hydrogen, 
boron, sulphur, halogens) into the deposition chamber, Atoms or molecules of these gases may also become absorbed 

^5 ortrapped In the metal film to create atomic disorder. The reactant may be continuously supplied during deposition for 
codeposition or it may be pulsed to provide for sequential deposition. The final ratio of antimicrobial metal(s) to reaction 
product should be greater than about 0.2. Air, oxygen, nitrogen and hydrogen are particularly preferred reactants. 
[0059] The above deposition techniques to prepare composite coatings may be used with or without the conditions 
of lower substrate temperatures, high working gas pressures and Idw angles of Incidence previously discussed. One 

so or more of these conditions are preferred to retain and enhance the amount of atomic disorder created in the coating. 
[0060] It may be advantageous, prior to depositing an antl-mlcrobial in accordance with the present invention, to 
provide an adhesion layer on the substrate or medical device to be coated, as is known in the art. For instance, for a 
latex device, a layer of TI, Ta or Nb may be first deposited to enhance adhesion of the subsequently deposited anti- 
microbial coating. If Ta Is used, a barrier layer such as tantalum oxide formed by anodlzation may be needed, as set 

S3 out above. 
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2. Wound Dressings 

[00S1J The wound dressing in accordance with the invention includes at least two, and preferably at least three 
layers, laminated together by ultrasonic welding. A three layer wound dressing in accordance with the invention Is 
s shown generally at 10 in Figure 2 to include a first layer 12 r which will be wound facing In use, a second layer 14, which 
preferably forms an absorbent core, and a third, optional layer 1 6, which forms the outer layer. The layers 1 2, 14 (and 
optionally 1 6) are laminated together by ultrasonic welds 1 9 at intermittent locations across the dressing 1 0. 

A) Wound Facing Layer 

10 

[0062] The first layer 12 of the wound dressing 1 0 is formed of a perforated, preferably non-adherent material which 
allows for fluids to penetrate or diffuse therethrough in either or both directions. The perforated material may be termed 
of a woven Dr non-woven, non-woven being preferred, fabric such as cotton, gauze, a polymeric film such as polyeth- 
ylene, nylon, polypropylene or polyester, an elastomer such as poiyurethane or polybutadiene elastomers, or a foam 

is such as open cell poiyurethane foam. Exemplary perforated, non-adherent materials useful for the wound dressing 
include non-woven meshes such as DELNET™ P530, which Is a non-woven wound veil formed of high density poly- 
ethylene using extrusion, embossing and orientation processes, produced by Applied Extrusion Technologies, Inc. Of 
Middletown, Delaware, USA. This same product is available as Exu-Dry CONFORMANT 2™ Wound Veil, from Frass 
Survival Systems, inc., Bronx. New York, USA as a subset of that company's Wound Dressing Roll (Non-Adherent) 

20 products. Other useful non-woven meshes include CARELLE™ or NYLON 90™ available from Carolina Formed Fab- 
rics Corp., N-TERFACE™, available from Winfield Laboratories, inc., of Richardson, Texas, USA. Exemplary woven 
meshes may be formed from fibreglass or acetate, or cotton gauze. An exemplary hydrophlllc poiyurethane foam Is 
HYPOL™, available from W.R. Grace & Co.. New York, NY, USA. 

[0063] As set out more fully below in respect of the ultrasonic welding technique, at least one of the first and second 
25 layers 12, 14 Is formed from a polymeric material which is amenable to ultrasonic welding, thai is which will melt on 
the application of located heat and then fuse the layers together on cooling. 

B) Absorbent Layer 

so [0064] The second, absorbent layer Is formed from an absorbent material for absorbing moisture from the wound, 
or as in the case of a burn wound dressing, for holding moisture next to the wound. Preferably, the absorbent material 
Is an absorbent needle punched non-woven rayon/polyester core such as SONTARA™ 8411 , a 70/30 rayon/polyester 
blend commercially available from Dupont Canada, Mississauga, Ontario, Canada. This product Is sold by National 
Patent Medical as an American Whlie Cross sterile gauze pad. However, other suitable absorbent materials include 

93 woven or non-woven materials, non-woven being preferred made from fibers such as rayon, polyester, rayon/polyester, 
polyester/cotton, cotton and cellulosic fibers. Exemplary are creped cellulose wadding, an air felt of air laid pulp fibers, 
cotton, gauze, and other well known absorbent materials suitable for wound dressings. 

C) Outer Layer 

40 

[0OBS] The third layer 16 of the wound dressing 10 is optional, but Is preferably included to regulate moisture loss, 
or to act as a barrier layer (lor example for moisture, oxygen penetration), to cany an antl-mlcrobial coating, or alter- 
natively to aci as an adhesive layer to anchor the wound dressing around the wound. In the oase of burn wound 
dressings, the third layer 16 Is preferably formed of perforated, non-adherent material such as used in the first layer 
45 12. This allows moisture penetration as sterile water and the like are added. 

D) Additional Optional Layers 

[0066] Additional layers (not shown) may be included between or above the first, second and third layers 12, 24, 1 6, 
so as Is well known in wound dressings. Thus the use of the terms first, second and third layer, as used heroin and in the 
claims is not meant to exclude such additional layers. 

E) Ultrasonic Welding 

55 [0067] The first and second layers (and preferably the third layer, ft present) are laminated togeLher at intermittent 
spaced locations across the dressing 10 by ultrasonic welds 18. Ultrasonic welding is a known technique in the quilting 
art, and thus will not be discussed at length. Briefly, heat (generated uttrasonically) and pressure are applied to either 
side of the dressing 10 at localized spots through an ultrasonic horn so as to cause melting of at least one of the plastic 
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materials In the first and second layers 12, 14, and the subsequent ponding together of Ihe layers on cooling. The 
welds appear at localized circular spots and are preferably less than 0.5 cm in diameter. If the third layer 16 is present, 
the ultrasonic welding can be performed from either side of the dressing, and will bind all three layers 12, 14 and 16 
together. 

a [0068J The use of ultrasonic welding of the layers at spaced locations has the advantage of retaining the absorbent 
and moisture penetration properties of the layers 12, 14, while retaining the conforming properties of Lhe dressing. 
Edge seams, stitching and adhesives have the disadvantage of Interfering with one or more of these desirable prop- 
erties of wound dressings. Furthermore, by spacing the welds 16 at intermittent locations across ihe dressing, the 
wound dressing may be cut to smaller sizes, as needed, without causing delamination. Preferred spacings of about 

10 2.5 cm between welds allows the dressing to be cut down to about 2.6 cm sl2es, while maintaining at least one weld 
to hold the laminated layers together. 

R Anti-Microbial Coatings On Wound Dressings 

13 [0069] The wound dressing of this invention preferably includes an anti-microbia) coating formed from an anti-mi- 
crobial metal. The coating is applied to one or mors of the layers 12, 1 4. 1 6, but is most preferably applied al least to 
the first, wound facing layer 1 2 to provide a localized anti-microblal effect next to the wound. The coating may also be 
applied to the outer layer 16 for additional anti-microbia] effect. 

[0070] The coating is most preferably formed with atomic disorder in accordance with the procedures set out above 
20 and as described In US Patent 5,464,886. Most preferably, the coating Is formed as a multilayer a nti -microbial coating, 
as set above, to produce an interference colour. In this way, the coating provides not only an anti-mlcroblal effect to 
limit infection, but also acts as an Indicator of activation of the dressing. As the top layer of the coating is activated by 
contacting an electrolyte such as wound exudate, blood or added water, even minor dissolution of the anti-micrablal 
metal results in a detectable colour change, indicating that an anti-rnicrobjai effect is being provided. If there is no 
25 colour change, additional moisture might be provided to the coating by adding water, until a colour change is detected. 
In the treatment of burn wounds with the wound dressings of this Invention, wound exudates are usually sufficient to 
activate the coating. Once activated, the dressing should be maintained in a moist condition by the addition of sterile 
water if necessary. 

30 G) Sterilization and Packaging of Wound Dressings 

[0071] Wound dressings with anti-microbial coatings of an antl-mlcrobial metal formed with atomic disorder are pref- 
erably sterilized without applying excessive thermal energy, which can anneal out the atomic disorder, thereby reducing 
or eliminating a useful anti-microbial effect. Gamma radiation Is preferred for sterilizing such wound dressings, as 

35 dlseussed In US Patent 5,454.886. 

[0072] It should be appreciated that the use of ultrasonic welding to laminate the layers of wound dressings with anti- 
microbial coatings formed from anti-microbial metals with atomic disorder is advantageous since it achieves bonding 
in localized spots and avoids applying heat to any significant portion of the dressing, thereby avoiding any significant 
reduction in the antl-mlcroblal effect through annealing out or atomic disorder. 

40 [0073] The sterilized wound dressings should be sealed In air tight packaging which excludes light penetration to 
avoid additional oxidation of the anu'-microblal coating. Metallized polyester peelable pouches are preferred. The shelf 
life of anti-microbial wound dressings thus sealed is over one year. 

H) Burn Wound Treatment 

4S 

[0074] Animal and human trials with the burn wound dressing of the present invention, carrying a bi-layer anti-mi- 
crobial coating formed with sliver having atomic disorder, manufactured as set out above and as described in greater 
detail in Example 3, have shown excellent results In controlling infection. In addition, the anti-microblal melal coaling 
has been found to improve how well the dressing handles, reducing static and adding weight to the dressing to keep 
so it in place during treatment and wrapping. In use, the dressings are kept moist, at 100% relative humidity. Wound 
exudate may be sufficient in itself to mainiain this humidity level. Otherwise, adding sterile water, for Instance three 
times daily has been found to be sufficient. The wound dressing is thereafter wrapped in a known manner to keep the 
wound moist and clean. Dressings are changed as required for wound observation and cleaning, but need not be 
changed more frequently than every 24 hours, and can provide an anti-microbial effect for a much longer period of lime. 

I) Advantages 

[0075] Advantages of suoh burn wound dressings against conventional burn wound treatment regimes are set out 
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below. 

I) The amount of Ag + or silver epecres in solution adjacent the dressing Is controlled by the concentration of Ag + 
In equilibrium in the solution at 60 - 100 u.g/ml, which Is sufficient to provide a sustainable ami -microbial effect for 
5 a considerable period of time. The use of a 0.5% solution of silver nitrate applied 1 2 times dally, provides a cumu- 

lative exposure to silver ions of 61 r 00O H g 1 in 2 = 6.462.1 0 2 mm 2 /in 2 /day (calculated assuming an fi ply dressing 
with absorptive capacity of 200 pL/in 2 perply). A comparable calculation for silver coated dressings of this invention, 
assuming a wound weep maximum of 8 m!/ln 2 /day is 800 ng/in 2 /day. 

tl) Compared to silver nitrate treatments, the silver coated bum wound dressings of this Invention eliminates staining 
10 from silver nitrate, leaving patients and relatives less shocked by discoloration at the injury site, and reducing the 

cleaning costs of the hospital (for bedding, flooring etc.). 

ill) With silver nitrate treatment, the Ag + ton complexes with chloride Ions at the wound dressing interface to form 
a non anti-microbial zone. The silver coated wound dressings of this Invention provide a sustained release of silver 
species at a controlled and non-excessive equilibrium concentration, ensuring that silver species remain available 
at the wound interface. 

iv) The absorbent core of the wound dressing maintains a high relative humidity at the wound site, to maintain an 
anti-microbial effect and to minimize drying and desiccation of new cell growth. The absorbent core also provides 
an "anti-microbial zone" above the wound, which extends through the thickness of the dressing to create a sufficient 
residence/exposure time for migrating microbes to ensure that they are killed. This is unlike silver nitrate treatment 

20 in which there is no replacement of the silver Ion at the wound surface after it is consumed by chloride ions or 

proteins (excluding the possibility of diffusion). 

v) The wound dressing needs minimal to no wetting (no more than 3 times daily), limiting the hypothermia problem 
encountered with silver nitrate treatments which require 12 times daily wetting and the cleaning needed when 
silver sulphadiazine creams are used. 

£5 vi) The silver coating on the wound dressing materials has been found to be non-adherent, and thus less disruptive 
to wound healing than dressings that adhere, as are often used In sliver nitrate treatments, 
viii) The silver coated wound dressing of this invention, produced with an interference colour and a top layer which 
releases silver ions etc. on contact with an electrolyte, provides a visible colour change to demonstrate that the 
anti-microbial metal film has been activated and that silver species are being released. 

30 

3. Examples 

[0076] The invention is further illustrated by the following non-limiting examples. 
35 Example 1 

[0077] This example is included to demonstrate multilayer colour coatings on various reflective base layers covered 
with anti-microbial silver top layers in order to generate first and second order interference colours. Bi-fayer metal 
coatings were produced by magnetron sputtering onto glass coverslips base layers of Ag, Ta or Au and covering with 
*o top layers of Ag under the sputtering conditions set out in Table 1 . To demonstrate Al as a base layer, ihe top Ag layer 
was sputtered onto Al foil, the Ag sputtering conditions being as set out in Table 1 . 



Table 1 



Sputtering Conditions: 


Base Layer 


Top Layer 


Target 


99.99% Ag, Ta : Au 


99.99% Ag 


Target Size 


20.3 cm diameter 


20.3 cm diameter 


Working Gas 


100 wt% Ar 


99/1 wt% Ar/O a 


Working Gas Pressure 


40 mTorr 


40 mTorr 


Power 


0.1 kW 


0.05 kW 


Substrate Temperature 


2Q°C 


20°C 


Base Pressure 


2.0 X 10" 6 Torr 


2.0X10" e Torr 


Anode/Cathode Distance 


100mm 


1 00mm 


Sputtering Time/Film Thickness 


Ta - 16mln : 220 nm 


1 -10m!n r 10-100 nm 




Ag - B min, 200 nm 






Au - 9 min, 200 nm 
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Table 1 (continued) 





Sputtering Conditions: 


Base Layer 


Top Layer 




Voliage 


Ta-193V 


295 V 


5 




Ag - 291 V 








Au - 322 V 





[0076] The thickness of the top layer was varied, as sat out in Table 2 below. Tha base layers of Ag, Ta, and Au had 
thlokne66es of 200 nm. Tha resulting bjlayer coatings had the appearances as set out in Table 2. 

to 

Table 2 



15 



20 



Top Layer 
Thickness: 


Base Layer Ag 
99/1%Ar/o 2 
Colour Bron2e 


Base Layer Ag 100 
% Ar Colour: Silver 


Base LayerTa 100% 
Ar Colour: Grey 


Base Layer Au 1 00% 
Ar Colour: Gold 


10nm 


Bronze/Red 


Pale Red 


Light Grey 


Yellow/Orange 


20 nm 


Purple 


Pink/Yellow 


Silver 


Auburn 


30 nm 


Blue/Purple 


Light Purple 


Silver 


Blue 


40 nm 


Light Blue 


Grey/Blue 


Gold to Silver 


Turquoise 


50 nm 


Lt Blue/Yellow 


Silver 


Purple to Silver 


Teal 


60 nm 


Light Yellow 


Light Yellow 


Blue to Silver 


Lt Blue/Green 


70 nm 


Bronze 


Lt Green/Yellow 


Blue to Silver 


Yellow 


BOnm 


Purple 


Light Pink 


Olive to Grey 


Green/Yellow 


90 nm 


Purple/Pink 


Pink 


Olive to Grey 


Olive 


100 nm 


Aquamarine 


Aqua/Pink 


Pink to Grey 


Lt Pink/Yellow 



[0079] The coatings formed on Ta metal changed to-silver or grey within about 1 0 minutes of sputtering, indicating 
the need for a barrier layer to prevent reduction of the top layer to Ag base metal. 

[0OB0] When a silver top layer was sputtered onto Al foil samples, under conditions as set out above, but In 96/4 wt 
% Ar/0 2 at 0.15 kW, a blue interference colour was observed. 
35 [0081] Sputtering conditions were varied for the Ag base layer samples by changing the working gas to 96/4 wt % 
Ar/0 2 , and depositing a 900 nm film, then covering with a top layer of Ag sputtered In 96/4 wt % Ar/0 3 ai 0.15 kW, V 
= 346 V f for about 1 , 1 .5 and 2.25 min. to achieve about 67, 100, 140 nm films. All other conditions were AS set OUt in 
Table 1 . Interference colours produced were purple, blue and yellow respectively. 

Example 2 

[0082] This example is included to demonstrate a bilayer finti-mtcroblal silver coating on a wound dressing material. 
A high density polyethylene wound dressing, CONFORMANT 2™ was coated with a silver base layer ajnd a silver/ 
oxide top layer to generate a coloured antimicrobial coating having indicator value. The coating layers were formed by 
43 magnetron sputtering under the conditions set out in Table 3. 



Table 3 



Sputtering Conditions: 


Base Layer 


Top Layer 


Target 


99.99% Ag 


99,99% Ag 


Target Size 


20,3 cm diameter 


20.3 cm diameter 


Working Gas 


96/4 wt% Ar/0 2 


96/4 wt% Ar/0 2 


Working Gas Pressure 


40 mTarr 


40 mTorr 


Power 


0.3 kW 


0.15 kW 


Substrate Temperature 


20 d C 


20*C 


Base Pressure 


3.0X10*Torr 


3.0 X 10-6 Torr 


Anode/CatJiode Distance 


100mm 


100mm 
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Table 3 (continued) 



Sputtering Conditions: 


Base Layer 


Top Layer 


Sputtering Time 
Voltage 


7.5 -9 min 
369 - 373 V 


1.S mln 
346 V 



[0083] The resulting coating was blue In appearance. A fingertip touch was sufficient to cause a colour change to 
yellow. The base layer was about 900 nm thick, while the top layer was 1 00 nm thick. 

[00B4] A zone of inhibition test was conducted. Mueller Hirrton agar was dispensed into Petri dishes. The agar plates 
10 were allowed to surface dry priorto being inoculated with a lawn of Staphylococcus aureus ATCC#25923. The Inoculant 
was prepared from Bactrol Discs (Difco, M.) Which were reconstituted as per the manufacturer's directions. Immediately 
after Inoculation, the coated materials to be tested were placed on the surface of the agar. The dishes were Incubated 
for 24 hr. at 37°C. After this incubation period, the zone of Inhibition was calculated (corrected zone of Inhibition = zone 
of inhibition - diameter of the test material in contact with the agar). The results showed a corrected ZOI of about 1 0 mm. 
15 [0085] The coating was analyzed by nitric acid digestion and aLomlc absorption analysis to contain 0.24 +/- 0.04 mg 
silver per mg high density polyethylene. The coaling la a binary alloy of silver (>97%) and oxygen with negligible 
contaminants, based on secondary ion mass spectroscopy. The coating, as viewed by SEM, was highly porous and 
consisted of equiaxed nanocrystals organized into coarse columnar structures with an average grain size of 10 nm. 
Sil Yer release studies demonstrated that silver was released continuously from the coating until an equilibrium con- 
40 centration of about 66 mg/L was reached (determined by atomic absorption), a level that is 50 to 1 00 times higher than 
is expected from bulk silver metal (solubility £ imo/L). 

[0086] By varying the coating conditions for the top layer to lengthen the sputtering time to 2 min, 15 sec., a yellow 
coating was produced. The top layer had a thickness of about 140 nm and went through a colour change to purple 
with a fingertip touch. Similarly, a purple coating was produced by shortening the sputtering time to 1 min, lo achieve 
5S a top layer thickness of about 65 nm. A fingertip touch caused a colour change to yellow. 

Examples 

[0087] This example is included to demonstrate a multilayer burn wound dressing In accordance with the present 

30 Invention. High density polyethylene mesh dressing material CONFORMANT 2™ dressing was coated with a bllayer 
blue anti-microblal coating as set forth in Example 2. using the sputtering conditions of Table 3. Two layers of this 
coated dressing material were placed above and below an absorbent core material formed from needle punched rayon/ 
polyester (SONTARA™ 641 1). The first, wound facing layer of coated polyethylene was oriented with the blue coating 
side down, while the third, outer layer of coated polyethylene was oriented with the blue coating facing inwardly toward 

35 the absorbent oore. The three layers were laminated together by uitasonic welding to produce welds between all three 
layers spaced at about 2,5 cm intervals across the dressing. This allowed the wound dressing to be cut down to about 
2.5 cm size portions for the treatment of smaller wounds, while still providing at least one weld in the dressing portion. 
[0086] The coaled dressings were sterilized using gamma radiation end a sterilization dose of 25 kGy. The finished 
dressing was packaged in sealed individually metallized polyester peelable pouches, and has shown a shelf life greater 

40 than 1 year in this form. 

[0089] The absorptive capacity and moisture content of the finished dressing was tested to ensure that ihe dressing 
maintained the capability to absorb after coating. Packaged, sterile dressings were tested and compared to uncoated, 
untreated control dressings. The absorptive capacity of the test dressings was 7.36 g of distilled water and 7.32 g or 
1.23 sodium nitrate, compared to absorption by the control dressings of 7.76 g and 7.46 g respectively. Indicating 

45 similar uptakes by both materials. The drop penetration of the coated dressings was tested and was found not to differ 
from the control dressings. The moisture content was 4.1% and 3.6% for the coated dressing and for the untreated 
controls respectively. Based on these results, it was concluded that the coating of the present Invention does not alter 
the moisture related properties of the dressing. 

[0090] A clinical study with 30 human patients with various degree burn wounds using the above coated wound 
50 dressings has demonstrated an ability to decrease burn wound "infection - (4 org./50 biopsies for the dressing of this 
invention vs. 1 6 org./50 biopsies for silver niLrate treatment), the dressings being changed every 24 hours and being 
kepi at 100% relative humidity by the application of sterile water 3 times daily, compared to a control burn wound 
treatment with 0.5% solutions of silver nitrate applied 12 times daily, dressings being changed every 24 hours. In the 
above, Infection' means greater than 1 X 10 5 colony forming units/g tissue. 

55 
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Example 4 

[0091] This example is included to demonstrate an anti-mfcroblal material with an in situ generated top layer on 
contact with an alcohol or a water based electrolyte in order to cause a colour change through the generation of an 

s interference colour A single layer arrti-microbial coating was produced by magnetron sputtering onto high density 
polyethylene wound dressing using the base layer as set out in Example 3, the sputtering conditions being those set 
out in Table 3 of Example 2. The resulting coaxing was about 900 nm thick and bronze in appearance. The coating was 
wetted with a wet fingertip touch (saliva), causing the colour of the coating to change to blue. 
[0092] Without being bound by the same, it is believed that the colour change was the result of the in situ generation 

io of a thin film meeting the description of a reflective and light transmissive top layer as set out above, over a reflective 
base layer, thus creating the conditions necessary for producing an Interference colour. The mechanism is believed to 
be as follows. The water on the coating caused a change in both the thickness of the coating and the composition of 
a thin top layer of the coating, thereby creaUng a thin top layer which had a different refractive index from the underlying 
coating. Water from the fingertip was sufficient to displace air in the surface pores of the film (which is known rrom 

<5 SEM to be porous), Initiating both dissolution of the film and changing the refractive index of the thin layer. The blue 
interference colour resulted from the incident light reflecting off both the air/lhln layer Interface and the thin layer/base 
layer Interface and recomblnlng to create a changed, blue colour. 

[0093] All publications mentioned in this specification are indicative of the level of skill of those skilled in the art to 
which this Invention pertains. 

20 

Claims 

1 . A multilayer antl-microbial material comprising; 

2S 

a base layer of a partly reflective material capable of generating an interference colour when covered with a 
partly reflective, partly light transmissive top layer; 

a top layer formed over said base layer, said top layer being a partly reflective, partly light transmissive thin 
film containing at least one antl-microbial metal and having a thickness such that an interference colour is 
30 produced, said top layer having a refractive index different from that of the base layer, and the antimicrobial 

metal being formed with sufficient atomic disorder such that the top layer, In contact With an alcohol or water, 
based electrolyte, releases ions, atoms, molecules or clusters ot the antl-microplal metal into the alcohol or 
water based eleotrolyte at a concentration sufficient to provide a localised anti -microbial effect on a sustainable 
basis. 

S3 

2. A process for producing a multilayer anli-mlcroblal material capable of indicating exposure to an alcohol or water 
based electrolyte, comprising: 

providing a base layer of a partly reflective material capable of generating an interference colour when covered 

40 with a partly reflective, partly transmissive top layer- 

providing a top layer over said base layer, said lop layer being a partly raflactive, partly light transmissive thin 
film containing at least one anli-mlcroblal metal and having a thickness such than an interference colour is 
produced, said top layer having a refractive index different from that of the base layer, and said antimicrobial 
metal being formed with sufficient atomic disorder such that the top layer, in contact with an alcohol or water 

45 based electrolyte, releases ions, atoms, molecules or clusters of the anti-microbial metal into the alcohol or 

water based electrolyte at a concentration sufficient to provide a localised anU-microblal effect on asustainable 
basis,. 

3. A multi-layer, laminated wound dressing, comprising; 

so 

a first, wound facing layer formed of a perforated non-adherent material; 
a second layer laminated to the first, and being formed of an absorbent material; 
an optional third layer laminated to one or both otthe first and second layers; 
at leasL one of the first, second and optional third layer being formed from a plastic material; 
55 the first, second and optional third layers being laminated together by ultrasonic welds spaced intermittently 

on the dressing so as to allow the dressing to be cut down in si*e without causing delamination and the first 
layer including the multilayer anti-microbial material of claim 1 , formed as a coating. 
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4. The wound dressing of claim 3, wherein the multilayer anti-microbial coating is provided on both the first and third 
layers, such that a colour change Is detectable on either side of the wound dressing. 

5. The material of claim 1 , or the process of claim 2 or the wound dressing of claims 3 or 4, wherein the material In 
s the base layer is a metal selected from the group consisting of Ag, Au, Pt, Pd, Cu, Ta, Al and alloys or compounds 

of one or more of these metals, In a partly reflecllve form. 

6. The material, process or wound dressing of claim 5, wherein the anti-microbial metal in the top layer is selected 
from the group consisting of Ag, Au, Pt, Pd, Ir, 3n ( Cu, Sb, Bl f Zn, and alloys or compounds or one or more of 

10 these metals. 

7. The material, process or wound dressing of claim B, wherein the material in the base layer and the antimicrobial 
metal in the top layer is a metal selected from the group consisting of Au, Ag, Pt, Pd and Cu In a partly reflecllve 
form, and Is formed by vapour deposition with sufficient atomic disorder suoh that the top layer, in contact with an 

is alcohol or water based electrolyte, releases ions, atoms, molecules or clusters of the antimicrobial metal into the 

alcohol or water based electrolyie at a concentration sufficient to provide a localised antimicrobial ef/ect on a 
sustainable basis. 

8. The material, process or wound dressing of claim 7, wherein the melal in the base layer and top layer is Ag, Pt or Au. 

20 

9. The material, process or wound dressing of claim 7, wherein the top layer is a thin film of a composite material 
formed by co-, sequentially or reactively depositing the antl-mlcroblal metal by vapour deposition in a matrix with 
atoms or molecules of a different material to create atomic disorder in the matrix, said different material being 
selected from the group consisting of blcompatible metals, oxygen, nitrogen, hydrogen, boron, sulphuror halogens, 

& or an oxide, nitride, carbide, boride, halide, sulphide or hydride of either or both of an antimicrobial metal or a 

biocompatible metal. 

10. The material, process or wound dressing of claim 9, wherein the bicompatible metaJ is selected from the group 
consisting of Ta, Ti, Nb, V, Hf , Zn, Mo, Si and Al, and wherein the antf-microbial metal is selected from the group 

30 consisting of Ag, Au, Pt, Pd, and Cu. 

11 . The material, process or wound dressing of claim 9, wherein tha anti-microbial metal is silver and said different 
material is one or both of silver oxide and atoms or molecules containing oxygen trapped or absorbed in the matrix. 

35 12, The material of claim 1 or the process af claim 2 or the wound dressing of claims 3, 4 or 11 , wherein the top layer 
is less than 400 nm thick, and the base layer is at least 25 nm thick. 

1 3. The material, process or wound dressing of claim 1 1 , wherein the top layer is about 40 - 1 60 nm thick and the base 
layer is at least about 300 nm thick, 

40 

1 4. The material of claim 1 or the process of claim 2 wherein the base and lop layers are provided on a medical device. 

15. The material of claim 11, wherein the lop layer is between 5 and 210 nm thick, and the base layer is at least 60 
nm thick. 

45 

16. The material of claim 15, wherein the base and top layers are provided on a wound dressing. 

17. The process of claim 11, wherein the top layer Is between 5 and 210 nm thick, and the base layer Is at least 60 
nm thick. 

50 

18. The process of claim 17, wherein the base and top layers are provided on a wound dressing. 

19. The wound dressing of claim 7, wherein The top layer is belween 5 and 21 0 nm thick, and the base layer is at least 
60 nm thick. 

53 

20. The wound dressing of claim 1 1 . wherein the material in the base layer Is a metal selected from the group consisting 
of Au, Ag, Pt, Pd and Cu in a partly reflective form, and is formed by vapour deposition with sufficient alcohol or 
water based electrolyte, releases Ions, atoms, molecules or clusters of the anti-mlcroblal metal Into the alcohol or 



PAGE 27/191 * RCVD AT 812/2007 8:13:15 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3/3 * DNIS:2738300 * CSID:612305122S * DURATION (mnws):6!M8 



08/02/2007 07:18 FAI 6123051228 



MUETING RAASCH GEBHARDT 



0028 



10 



EP 0 984 698 B1 

water based electrolyte at a concentration sufficient to provide a localised anti-microblal effect on a sustainable 
basis. 

21 . The wou nd dressing of claim 20, wherein the first and optional third layers are formed from a non-woven, perforated, 
non-adherent high density polyethylene material 

22. The wound dressing of claim 21 , wherein the second layer is formed from a non-woven, absorbent rayon/polyester 
material, 



Patentanepruche 

1 . Antlmikrobieiies Mehrschlchten -Material, das umfasst: 

elne Baslsschlchtaus elnem teilweise reffektlersnden Material, das eine Interferenzfarbeerxcugen kann, wenn 
es mit einer teilweise reflektlerenden, teiJweise Uchtdurchlassigon Deckschicht bedeck! wird; und 

eine Deckschicht, die auf die Basleschlcht aufgebracht ist, wobei die Deckschicht ein teilweise reflektlerenden 
teilweise lichtdurchlassiger dunner Film ist, der mindestens ein antimlkroblelles Mortal} enthalt und eine solche 

20 Dicke aufwelet, dass eine Inlerferenzfarbe entsleht, wobei die Deckschicht einen Brechungsinde* hat, der 

verschieden ist von demjenigen der Baslssehlcht und das entimikroblelle Metall mit einer ausreichenden ato- 
maren Fehlordnung versehen ist, sodass die Deckschicht beim Kontakt mil einem Alkohol oder mit einem 
EfektroJyten auf Wasserbasls lonen, Atoms, Molekule oder Cluster des antlmlkrobiellen Metalls in den Alkohol 
oder In den Elektrolyten auf Wasserbasls In einer Konsentration freisetzt, die ausretcht, urn elnen lokHlen 

23 antimikrobiellen Effekt auf einer kontlnulerflchen Basis zu ergeben. 

2. VertahrenzurHerstellung eines antimlkmbiallen Mehrschichten-Materiafs, das die ElnwIrKung eines Alkoholsodar 
eines Elektrolyten auf Wasserbasis anzelgen kann, wobei das Verfahren umfasst: 

$Q die Bereitstellung einer Basisschicht aus einem teilweise refloktlorenden Material, das eine Interteren2farbe 

erzeugen kann, wenn es mit einer teilweise reflektierenden, teilweise llchldurchlassigen Deckschicht bedeckt 
wird; und 

die Bereitstellung einer Deckschicht fiber der Basisschicht, wobei die Deckschicht ein teilweise reflektierenden 
35 teilweise lichtdurchlassiger dunner Film Ist, der mindestens ein antimikroblelles Metall enlhall und einesolche 

Dicke aufweist, dass eine Interferenzfarbe enisteht, wobei dfe Deckschicht einen Brechungsindex hat, der 
verschieden von demjenigen der Basisschicht 1st und das antimikrobiello Metall mit einer ausreichenden ato- 
maren Fehlordnung versehen ist, sodass die Deckschicht im Kontakt mit einem Alkohol oder einem Elektro- 
lyten auf Wasserbasis lonen, Atome, Molekule Oder Clustor des antimikrobiellen Metalls In den Alkohol odar 
40 in den Elektrolyten auf Wasserbasis in einer Konzentratlon frelselzt, die ausrelcht, um einen lokalen antlml- 

krobiellen Effekt auf kontlnulerlioher Basis zu ergeben. 

3. Mehnschlchten-Laminat-WunoVerband, der umfasst: 

43 eine erst© auf der Wunde auf liegende Schlcht, die aus einem perforiertan, nicht haftenden Material hergesteJIl 

ist; 

elne zweite Schlcht, die auf die ensie Schicht auflaminiert ist und aus einem absorpilonsfahigen Material hcr- 
gestellt ist; 

50 

elne opilonaJe dritte Schichi, die aur die erate und/oder zweite Schlcht auriaminiert ist; 

wobei mindestens sine Schicht aus der Gruppe en&te Schlcht, zweite Schicht und opitonale dritte Schlcht aus 
einem Kunststoffmaterlal hergestellt Ist; und 
5 * die erste Schicht, die zweite SchichL und dfe optionale dritte Schicht mitiels UI-traschallverschweiBungen, die 

intermittlerend in einem Abstand voneinander fiber den Verband verteilt sind, aufeinanderiaminiert aind, sodass 
der Verband auf eine geringere GrfiBe zugeschnitten werden kann, ohne dass eine Delamlnierung auftritt und die 
erste Schlcht das antlrnlkrobleUe Mehrschichten-Materiaf nach Anspruch 1 enthalt, das in Form eines Oberzugs 
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au/gebracnt 1st. 

4. Wundverband nach Anspnjch 3, in dem der antimikrobielle Mehrschlchien-Gberzug sowohl auf dor ersten Schicht 
als auch auf der dritten Schicht vorgesehen 1st, sodass eine Farbanderung auf Jeder Sells des Wundverbandes 

s erkennbar 1st. 

5. Material nach Anspruch 1 oder Verfahren nach Anspruch 2 Oder Wundverband nach Anspruch 3 oder 4, worin 
das Materia) In der Basisschicht Gin Metall In einer teilweise reflektierenden Form 1st, das ausgewflhtt 1st aus der 
Gruppe, die besteht aus Ag, Au, Pt, Pd, Cu, Ta, Al und Legierungen oder Verbindungen eines oder mehrerer dieser 

10 Metal |o. 

6. Material, Vertahren Oder Wundverband nach Anspruch 5, worin das antimikrobielle Metall In der Deckschlcht aus- 
gewahlt 1st aus der Gruppe, die besteht aus Ag, Au, Pt, Pd. Ir, Sn, Cu, Sb, Bl, Zn und Leglerungen oder Verbln- 
dungen cings od9r meh rarer dieser Metalle. 

7. Material, Vertahren Oder Wundverband nach Anspruch 6, worin das Material in der Basisschicht und das antimi- 
krobielle Metall in der Deckschicht ein Metall, ausgewahlt aus der Gruppe, die besteht aus Au, Ag, Pt, Pd und Cu 
In einer teilweisereflektierenden Form darstellenunddurch Dampf/Gasabscheldung mrt einer ausreichendenato- 
maren Fehlordnung versehen sind, sodass die Deckschlcht lm Kontakt mit einem Alkohol oder einem Elektrolyten 

20 auf Wasserbasis lonen, Atoms, Molekule Oder Cluster des antimikroblellen Melalls In den Alkohol oder in den 

Elektrolyten auf Wasserbasis in einer Konzentration freisetzt, die ausrelcht, urn einen lokaJen antimikrobiellen 
Effekt auf einer kontinuierlichen Basis 2U ergeben. 

8. Material, Vertahren oder Wundverband nach Anspruch 7, worin das Metall in der Basisschicht und In der Deck- 
2* echioht Ag r Pt oder Au fst. 

9. Material, Verfahren oder Wundverband nach Anspruch 7, worin die Deckschicht ein dCnner Film aus einem Ver* 
bundmaterial (zusammengesetzten Material) 1st, der durch gemeinsame, aufeinanderfolgende oder reaktlve Ab- 
echeidung des antimikrobiellen Mctalls durch Dampf/Gasabsch eld ling In einer Matrix mil Atomen oder MolekuJen 

30 aus einem and ere n Material erzeugt wlrd zur Erzeugung einer atomaran Fehlordnung in der Matrix, wobel das 

andcre Material ausgawaM ist aus der Gruppe, die besteht aus biokompatiblen Metalle ru Sauerstoff, Stickstoff, 
Wasser6toff, Bor, Schwefel oder Halogenen odereinom Oxid, Nitrid, Carbid, Borld, Halogenid, Sulfid oder Hydrid 
cines antimikrobiellen Metall* und/oder elnes blokompailblen Metalls. 

5S 10. Material, Verfahren oder Wundverband nach Anspruch 9, worin das blo-kompaUble Metall ausgewahlt ist aus der 
Gruppe, die besteht aus Ta, 71, Nb, V, Hf, Zn, Mo, Si und Al, und worin das antimikrobielle Metalf ausgewahh isl 
aus der Gruppe, die bestehx aus Ag, Au, Pi, Pd und Cu. 

11. Material, Verfahren Oder Wundverband nach Anspruch 9, worin das antimikrobielle Metall Sllber 1st und das davon 
40 verschicdene Material besteht aus Silberoxld und/oder Alomen oder Molckiilen, die eingefangenen Oder absor- 

bierten Sauerstoff enthalten, in der Matrix. 

12. MaleriaJ nach Anspruch 1 oderVerfahren nach Anspruch 2 Oder Wundverband nach Anspruch 3, 4 oderli, worin 
die Deckschlcht eine Dicke von wenjger als 400 nm hat und die Basisschicht mindestens 25 nm dick ist. 

45 

13. Material, Verfahren oder Wundverband naoh Anspruch 1 1 , worin die Deckschicht cine Dicke von etwa 40 bis 1 60 
nm hat und die Basisschicht mindestens etwa 300 nm dick Ist. 

14. Material nach Anspruch 1 oder Verfahren nach Anspruch 2 ( worin die Basisschicht und die Deckschicht auf eine 
50 medizinische Vorrichtung aufgebracht sind. 

15. Material nach Anspruch 11, worin die Deckschlcht eine Dicke zwiechen 5 und 210 nm hat und die Basisschicht 
mindestens 60 nm dick ist. 

55 16. Material nach Anspruch 15, worin die Basisschicht und die Deckschicht auf einen Wundverband aufgebracht sind. 

17. Verfahren nach Anspruch 11 , worin die Deckschicht eine Dicke zwlschen 5 und 210 nm hat und die Basisschicht 
mindestens 60 nm dick 1st. 
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18. Verfahren nach Anspruch 17, worin die Baslsschicht und die Deckschicht auf einen Wundverband aufgebrecht 
sjnd. 

19. Wundverband nach Anspruch 7, worin die Deckschicht elne Dteke zwischsn 5 und 21 0 nm hat und die Baslsschlcht 
3 rninde6tens 60 nm dick ist. 

20. Wundverband nach AnBpruch 1 1 , worin das Material in der Basisschicht ein Metail 1st, das ausgawahlt ist aus der 
Gruppe, die besreht aus Au, Ag, Pt, Pd und Cu, in einer tellw else reflektjerenden Form, und durch Dampf/Gasab- 
scheldung mit einerausreichenden atomaren Fehlordnung gebildet worden ist, sodass die Deckschicht Im Korrtakt 

10 mit elnem Alkohol odor einem Elektrolyten auf Wasserbasis lonen, Atome, Molekule oder Clusier des arrtimikro- 
biellen Metalls in den Alkohol Oder In den Elektrolyten auf Wasserbasis In einer Konzentratlon freisetzt, die aus- 
relcm, um elnen lokalen antimikroblellen Effekt auf einer dauerhaften Basis *u ergeben. 

21. Wundverband nach Anspruch 20, worin die erste Schfcht und die optlonale dritte Schicht aus einem perforlerten, 
is nicht haftenden Vliesstoff-Material aus Polyethylen mit hoher Diohte hergestellt sind. 

22. Wundverband nach Anspruch 21 . worin die zweite Schicht aus elnem absorptionsrahigen Reyon/Polyester-Vlies- 
stoff-Materjal hergestellt Ist. 



Revendicaticns 

1 . Materiau multicouche anti-microbien comprenant : 

25 une couche de base d'un materiau en partie reflechissam capable do genererune couleur ©"Interference quand 

jl est couverl d'une couche superieure en partie reflechissante, en partie transmettant la lumiere ; 
une couche superieure formee sur ladite couche de base, ladite couche superieure 6tam un film fin en partie 
reflechissanl, en partie transmettant la lumiere, covenant au moins un metal anti-microbien et ayant une 
epaisseur telle qu'une couleur d'interferencc est produlte, ladite oouche superieure ayant un indlce de refrac- 

so tlon different de celui de la couche de base, et le metal anti-microbien etant forme avec un desordre atomlque 

sufflsant pour que la couche superieure. en contact avec un electrolyte a base d'eau ou d'alcool, libera des 
ions, des atomes. des molecules ou des clusters du melal antl-mlcrobien dans relectrolyte a base d'eau ou 
d'alcool a une concentration suffisante pour produlre, de maniere durable, un effet antl-mlcrobien localise. 

S5 2. Procede pour la production d'un materlau multicouche anti-microbien capable de reveler une exposition a un elec- 
trolyte a base cfeau ou d'alcool, comprenant : 

la fourniture d'une couche de base d'un materiau en partie reflechlssant capable de generer une couleur 
d'interlcrence quand II est couvert d'une couche superieure en partie reflechissante, en partie transmettant la 
40 lumiere ; 

la fourniture d'une couche superieure sur ladite couche de base, ladite couche superieure etam un film fin en 
partie rellechissarrt, en partie tranameitant la lumiere, contenant au molns un metal anti-microbien et ayant 
une epaisseur telle qu'une couleur d'Interference est produite, ladite couche superieure ayant un Indlce de 
refraction different de celui de la couche de base, et ledit melal antl-mlcrobien etant forme avec un desordre 
45 atomique suffisant pour que la couche suparieure, en contact avec un electrolyte a base d'eau ou d'alcool, 

libere des ions, des atomes, des molecules ou des clusters du metal anti-microbien dans relectrolyte a base 
d'eau ou d'alcool a une concentration suffisante pour produire, de maniere durable, un effet anti-microbien 
localise. 

so 3. Pansemcnt stratified multicouche, pour plaie, comprenant : 

une premiere couche, faisant face a (a plaie. formes d'un materiau perform, non-adherent j 
une seconde couche stratifiea a la premiere, et etant formee d'un materiau absorbant ; 
une troisieme couche optlonnelle stratifiee a rune ou aux deux premiere etseconde couches ; 
$s au moins Tune de la premiere, de la seconde el de Popiionnelle troisieme couche etant formee d'un materiau 

plastique ; 

Igs premiere, seconde et optlonnelle troisieme couches etant stratifiees ensemble par des soudurss ultraso- 
nlques espacees da maniere intermittente surle pansement de telle sorte que la decoupe du pansementselon 
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une taille se fait sans causer de decertification, et la premiere couche inctuant le materiau anti-microbien 
mulllcouche de la revendlcation 1 sous la forme (fun revetement. 

4. Pansement selon la revendlcation 3, dans lequel Je revetement anti-mlcroblen muittcouche est Jouml a lafoia sur 
s la premiere ot la trolsleme couches, da telle sorte qu'un changement da couleur eel delectable sur I'une ou {'autre 

face du pansement. 

5. Materiau selon la revendication f , on procede selon la revindication 2 ou pansement sefon la revendlcation 3 ou 
4, dans Jequel le materiau de la couche de base eat un melal choisi dans fe groupe consistant en Ag. Au, Pt, Pd, 

10 Cu, Ta, Al ei les alliagas ou fes composes de I'un ou de plusieurs de ces metaux, sous una forme en partie refle- 

chissante. 

6. Materiau, precede ou pansement sefon Ja revendlcation 5, dans lequel la metal antl-mlcrobien de la couche su- 
perieure est choisi dans )e groupe consistant en Ag, Au, Pt, Pd, Ir, Sn, Cu,Sb, Bi, Zn, at lee aliiagesou les composes 

1* de Tun ou de plusieurs de ces metaux, 

7. Materiau, procede ou pansement selon la revendlcation 6, dans lequel fe materiau de la couche de base oi te 
metal anti-microbien de la couche superieure est un metal choisi dans le groupe consistant en Au, Ag, Pt, Pd et 
Cu en une forme en partie reflechissante. el est forme par depot en phase vapeur avec un desordre atomfque 

*° eufflsant pour que la couche superieure, en contact avec un electrolyte a base d'eau ou d'alcool, libera des ions, 

das atomes, des molecules ou das clusters du metal antl-microbjen dans 1'electrolyte a base d'eau ou d'alcool a 
une concentratfon suffisante pour produirc. da maniere durable, un effet antUmicrobien localise. 

8. Materiau, procede ou pansement selon la revendlcation 7, dans lequal fe metal de ia couche d© base et de la 
& couche superieure est Ag, Pt ou Au. 

9. Materiau, procede ou pansement selon fa revendication 7, dans lequel la couche superieure est un film fin d'un 
materiau composite forme en codeposanl, ou on deposant de maniere sequantielle ou reactive, le metal anti- 
microbien par depfli en phase vapeur dans une matrice avec des atomes ou des molecules d'un materiau different 

30 pour creer un desordre atomique dans ta matrice, ledit materiau different etant choisi dans le groupe consistant 
en les metaux biocompatibles, J'oxygene, Tazote, f'hydrogene, le bore, le soufre ou les halogenes, ou un oxyde, . 
un nitrure, un carbure, un borure, un halogenure, un suifure ou un hydrure de I'un des metaux antl-mlcrobien ou 
biocompatible, ou des deux. 

55 10. Materiau, procede ou pansement selon fa revendlcation 9, dans lequel le metal biocompatible est choisi dans le 
groupe constant en Ta, 71, 1Mb, V, Hf, Zn, Mo, Si et Al, et dans lequel le metal anti-mlcrobien est choisi dans le 
groupe consistant en Ag, Au, Pt, Pd et Cu. 

11. Materiau, precede ou pansement selon la revendlcation 9, dans lequel fe metal antl-mlcrobien csl de I'argent et 
*o ledit materiau different est soit I'oxyde d'argent, soiL des atomes ou molecules contenant de I'oxygene piege ou 

absorbs dans la matrice, soil les deux. 

12. Materiau selon la revendloatlon 1 ou procede selon la revendlcation 2 ou pansement selon les revendications 3, 
4 ou 1 1 , dans lequel la couche superieure est d'une epaisseur inferleure a 400 nm, et la couche de basB est d'une 

& epaisseur cfau molns 25 nm. 

13. Materiau, procede ou pansement selon la revendication 1 1 , dans lequel la couche superieure est d'une epaisseur 
d'environ 40 a 160 nm et I'eparsseur de la couche de base est d'au moins environ 300 nm. 

so 14. Materiau selon la revendication 1 ou precede selon la revendicaiion 2, dans lequel les couches de base et supe- 
rieure 8ont fournles sur un dispositif medical. 

15. Materiau selon la revendication 11, dans lequal la couche superieure est d'une epaisseur comprise entreSet 210 
nm, et la couche de base est d'une epaisseur d'au moins 60 nm. 

55 

16. Materiau selon la revendlcation 1 5, dans lequel les couches de base et superieure sont fournies sur un pansement. 

17. Proeed6 selon la revendication 11 , dans lequel la couche superieure est d'une epaisseur comprise entre 5 et 210 
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nm, et la couche de bass est d'une epalsseur d'au moins 60 nm. 

18. Precede selon la revendication 17, cfans lequel les couches de base et superleure sontfournies sur un pansement. 

s 19. Pansement selon la revendication 7, dans lequel la couche superleure est d'une epalsseur comprise entre 5 et 
210 nm, et la couche da base est d'une epateseur d'au moins 60 nm. 

20. Pansement selon ta revendication 11 » dans lequeS le matarjau de la couche de base est un metal choisi dans le 
groupe consistant en Au, Ag, Pt, Pd et Cu sous une fomie en partle reflechissante. et est forme par dep6t en 

io phase vapeur avec un desordre atomlque suff Isanl pour quo la couche superleure, en contact avoc un electrolyte 
a base d'eau ou d'alcool, llbere des Ions, des atomes, dee molecules ou des clusters du metal anti-microbien dans 
Teleotrolyte a base d'eau ou d'alcool a une concentration sufflsante pour produire, de maniere durable, un effet 
antl-microblen localise. 

21. Pansement selon la revendication 20, dans lequel les premiere et optlonnelle troisreme couches sontformees a 
parttr d'un materiau de polyethylene haute densiLe, non-lisse, perfore, non-adh6rent. 

22. Pansement selon la revendication 21 , dans lequel la seconde couche est formee d'un materiau de rayonne/poly- 
ester, absorbant, non-tisse. 
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Fig. 1. 




Fig. 2. 
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